lectrolyte imbalance is one of the . most typical features of terminal renal disease. The serum potassium in particular tends to be elevated, and its level is in itself one of the indications for dialysis in uremic patients.
Although Spergel et all stressed that serum potassium determinations do not represent actual intracellular values, hypokalemia and hyperkalemia are clearly defined entitie~ in clinical practice and produce well-recognized electrocardiographic alterations.2, 3 Since elevations of serum potassium occur during renal transplantation and may produce cardiac arrhythmias,4-6 a study was undertaken in which determinations of serum potassium were performed hourly throughout these operations. Serum sodium values were simultaneously estimated for comparison.
Method
Included in this study were 12 consecutive II}ale patients undergoing renal homografts from related living donors at the Denver Veterans Administration I;Iospital. All recipients were premedicated with diazepam, 0.08 mg/kg, and pentazocine hydrochloride, 0.5 mg/kg, intramuscularly. Anesthesia was induced with 2 mg/kg of thioAccepted for publication March 9, 1970. From the departments of anesthesiology (Drs. Aldrete and O'Higgins) and surgery (Dr. Starzl), University of Colorl:.do Medical Center, and the Veterans Administration Hospital, Denver.
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pental sodium administered intravenously and followed by administration of succinylcholine chloride, 1 mg/kg, to facilitate endotracheal intubation. Thereafter, anesthesia was maintained with fluroxene in a mixture of oxygen and nitrous oxide. Muscle .relaxation was achieved by intermittent injections of tubocurarine chloride.
An intravenous infusion of lactated Ringer's solution was given at an approximate rate of 2 ml/kg/hr. After revascularization of the homograft, the intravenously administered fluid was increased by an amount equal to the urinary output.
Bilateral nephrectomy and splenectomy were performed during the same surgical session through an upper abdominal incision, as described previously.7 This procedure was immediately followed by renal transplantation through a lower abdominal incision into the extraperitoneal space.7 Between 500 and 800 ml of blood were lost during the whole operation. The patients received 1,000 ml of whole blood to replace the surgical loss and also in an attempt to raise their hematocrit readings, ~hich ranged preoperatively from 18% to 27%, with an average of 24.7%.
Venous blood samples were taken from major veins .either. in the upper extremities or the neck, centrifuged immediately, and the determinations of serum sodium and potassium performed within 24 hours by flame photometry.
Samples were obtained before and immediately after the final dialysis, which was done one day before surgery. Further samples were taken shortly before induction of anesthesia and then every hour until after blood flow was restored to the homograft, at which time the incision was usually being dosed. More samples were procured three hours after the operation and on the first, second, and third postoperative day. In addition, blood specimens were taken from the trans' fused blood, all of which was obtained within 48 hours of transplantation. An electrocardiogram was monitored throughout the anesthetic period.
Results
Due to the anatomical differences between the donor and the recipient patients, the duration' of the surgi~ cal procedures varied from 180 to 390 minutes, with an average of 250 minutes. Predialysis blood urea nitrogen values ranged from 49 to 128 mg per Hio cc, with a mean of 78 mg per 100 cc. These values decreased after dialysis to 31, 115, and 61 mg per 100 cc, respectively. On the day following transplantation, the same value:; were 17 to 105 mg per 100 cc, with a mean of 47 mgt 100cc.
The changes observed in serum sodium and potassium in all patients before and after dialysis, during surgery, and in the immediate postoperative period are shown in Table 1 and 2. Electrocardiographic abnormalities included tenting of the T-wave and prolonged P-R intervals in patient 8 and S-T depressio)l in patient 4.
The serum sodium levels determined from the transfused blood varied from 134 to 143 mEq per liter, with an average value of 141 mEq/liter. Potassium values from the same sources were between 5.1 and 7.3 mEq per liter, with an average value of 6.1 mEq/liter.
Comment
The lack of· correlation between levels of serum and total body p0-tassium has been observed by Spergel et al. l They reported decreased levels of total exchangeable body potassium in patients with chronic uremia even though the serum potassium was often high. Goldner et alB emphasized the necessity of total body potassium estimations, although they recognized the importance of plasma potassium levels in maintaining normal cardiac rhythm.
In our recent analysis of anesthet- ie-related morbidity in 260 recipient patients of renal homografts,6 it was observed that cardiac arrhythmias and SQme cases of prolonged muscle weakness or instances of recurarization occurred in patient~ who had high serum potassium levels preoperatively. This observation prompted the present study in which predialysis and postdialysis, as well as preoperative, intraoperative, and postoperative values, of serum sodium and potassium were deter-· mined.
All the transplanted organs produced urine in the operating room, although the quantity varied. This early evidence of renal homograft function was confirmed by the decreases in blood urea nitrogen. The falls of serum potassium, which occurred in all these patients following revascularization of the homograft, indicated its elimination through the kidney.
Sodium levels usually decreased after dialysis and continued to fall during the first hours of surgery. After transplantation of the promptly functioning grafts, plasma-sodium was lowered in nine patients and increased in three others. In the immediate postoperative period there was a tenden<-'Y toward a slow rise or a plateau, followed by a gradual increase during the second or third postoperative day. It is probable that the d('crem;e in so- Before the new kidney started functioning, elevated levels of serum potassium were found during operation in several patients who had normal preoperative values. When the predialysis potassium concentrations were correlated with this complication, a consistent pattern was evident. Of. five patients with plasma potassium levels higher than 6 mEq/liter before the final preoperative dialysis, four came" to the operating room with satisfactory concentrations. However, four of these recipients had a rebound hyperkalemia during operation. In contrast, although the patients who did not have pretransplantation problems of potassium control also had progressive increases in il1tra-operative potassium concentration, these were more gradual and usually did not exceed normal limits. hyperventilation were used in 11 of the 12 recipients. Hyperventilation has been reported to lower serum potassium concentrations in dogs,9 and the same effect has been noted with inhalational anesthesia. lO By comparison, the influence of succinylcholine upon serum potassium must be considered undesirable since this agent has been reported to contribute to the mobilization of potassium,lO,l1 as noted by Popovtzner et al (unpublished data). Such a mechanism might have been responsible for some of the arrhythmias noted by Bastrom et a}ll during induction and by Levine and Virtue 12 after succinylcholine administration, since the hyperkalemia induced by this relaxant reaches its peak shortly after muscle fasciculations and decreases thereafter. 13 -1 :>
The greatest danger to a patient suffering from hyperkalemia is its effect on the heart. Continuous monitoring of an electrocardiograph would seem advisable to permit early recognition of this condition.
